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The effect of saline concentration

on the dynamics of the fission rate

in the marine ciliate Keronopsis rubra

Ehrenberg (hypolricha, oxytrichidae).

By

Use WALKER1

With 6 figures and 1 table

SUMMARY

The daily number of fissions (= fission rate) was determined in single cell lines

and in small populations of cells from apparently senescent Keronopsis stocks. In normal

sea water, short-term and long-term fluctuations of fission rates are superimposed to

a complex temporal pattern. This pattern is characteristically modified by changed

salinities. Hyposalines retard fission and increase death rates during the phases of

decreased fission activity within fluctuations, and they accelerate fission during ascending

and peak phases. Hypersalines show the inverse pattern of phase-specific effects;

they also improve fission rates and viability over prolonged periods after the cells are

returned into normal sea water. In general, the amplitudes of the fluctuations rather

than their phases are affected by salines. It is concluded that salines influence mechanisms

of fission control, thus resulting in a changed time pattern of fitness. The effect of this

somatic response on possible genetic adaptation to changed salinity via selection is

pointed out.

INTRODUCTION

This project was planned to study the relationship between individual somatic

adaptability and genetic variability within a population with respect to saline stress

which would lead to genetic adaptation via selection. I imagined that specific fitness
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and tolerance limits for changed, environmental conditions could be measured for

individual clones, that differences between clones would reflect genetic variation, and

that selection under stress would be possible and successful. As indicated already in

a preliminary communication (Walker, 1968), these proved naive expectations. Com-
plications arose from the fact that the phene "somatic plasticity or adaptation", for

which selection was intended, is a continuous variable. So is the selectioning environ-

mental parameter of "saline concentration", to which the individuals adapt. Because

stress tolerance and fitness are functions of the combined actions of the rate of change

of saline concentration and of the level and the duration of the stress condictions, the

definition of the phenotype was in itself a problem. Still more difficulties were posed

by the results, which showed a bewildering pattern of reaction to the treatment, and

which were quite intractable to genetic interpretation.

This communication presents an attempt to find a pattern in these contradictory

results. Some data from an earlier paper (Walker, 1968) were reconsidered with this

objective in mind, however, most of the material presented here is new. It should be

borne in mind that —with the exception of some later tests —most of the experimental

series were carried out to select specifically adapted strains, not with the aim of studying

the physiological response of Keronopsis to various saline concentrations. Hence,

genetically heterogenous material was chosen rather than clonal populations, and the

time intervals between checks during long-term observations were often far from ideal.

The results, however, have important implications for the physiology of fission regulation

and its bearing on evolutionary prospects, and as the work could not be repeated, analysis

of the data is presented despite these shortcomings.

MATERIAL AND METHODS

Material

Keronopsis rubra Ehrenberg (syn. Holosticha rubra Kent) (fig. 1) was identified

by Prof. J. Dragesco and Dr. M. Tuffrau, and a study of its internal organization was

recently published by Ruthmann (1972).

Original Stock : established in September 1966. Keronopsis appeared in aquaria

with material from the coral reefs of the Makatumbe Islands at the entrance of Dar-

es-Salaam harbour.

Stock I: derived from a single cell on September 30. 1966. Conjugation within

this clone took place in November 1966.

Stock II: derived from a single exconjugant in January 1967. No further conju-

gations were observed in this stock.

Conjugation occurred rarely, but when it did, a large proportion of animals was

found paired for 2-4 days. Individual pairs remained joined for 24-36 hrs. Most ex-

conjungants died within 6-13 days after separation; the survivors started fission after

6-8 days. The last conjugation occurred in May 1969 and all of 40 individually observed

exconjugants died. No further conjugations were observed after 1969 until the extinction

of the cultures in 1972.

On occasions the cultures "collapsed": individuals gathered in dense groups, and

unlike preceding conjugation when they assumed more elongated shapes than normal,

they contracted into ovoid and globular shapes, many losing their red pigment. A large
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Fig. 1.

Keronopsis rubra.
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proportion of individuals died and subsequently the cultures regenerated within 2-3

days from the normalized survivors. These started fission in their old culture medium,
deterioration of the food bacteria or pollution of their culture was thus not the reason

for the sudden decline. Collapse inevitably occurs if cultures are left over longer periods

at excessive densities (approx. 1000 individuals per ml). Starvation is not its cause,

since low-density cultures can be starved for much longer periods without appearance

of the characteristic phenomena. Cells from "normal", low density cultures introduced

into the culture dishes where collapse had taken place, did not collapse. The most

likely explanation is that collapse occurs in connection with autogamy, that a culture

matures to an inducible stage, and that substances released by the population are

involved in the induction of autogamy; eventually, trivial, environmental stimuli like

feeding or transfer into fresh dishes for instance (p. 361) seem to act as the final trigger.

Wether or not autogamy occurs under less dramatic circumstances I do not know.

There are periods of lingering decline with high death rates and low fission rates, and

cells with abnormal shapes may appear. If the population is sufficiently numerous

(> 50/10 ml), the cultures eventually recover. Keronopsis is difficult for cytological

study and stages in autogamy therefore have not been ascertained by cytological methods.

From these observations it appears, according to Siegel's (1967) review, that the

cultures were in the senescent stage to begin with, and that they remained in this con-

dition throughout this study.

Methods

As the interaction between somatic response to the environment and selection

involves ecological factors as key variables, axenic culture methods were ruled out;

in fact they would introduce unrealistic and uncontrollable disturbance (change of

surface tension by soluble proteins and possible interaction between salinities and

added mixture of ions) of the very environmental parameter under consideration

(salinity).

Maintenance of stocks. All cultures were maintained in natural day light

at 23 ± 1°C. A strain of food bacteria was derived from decomposing lettuce in

local sea water and subsequently cultured in sterile sea-water/lettuce infusion. Crys-

tallizing dishes with 50 ml sterile sea-water and 1 ml bacteria suspension were stocked

with 20-100 Keronopsis (depending on their viability at the time of transfer). Cultures

were fed twice per week and subcultures were set up when the density reached approxi-

mately 200 cells/ml.

Experimental series. Experimental animals were derived from well-fed low-

density cultures which had been renewed 48-72 hrs. before the experiment started.

One or 10 individuals (as indicated in the respective figures and tables) were transferred

into small Petri dishes with 10 ml sterile sea-water and 2 drops of 2 day old bacteria

suspension. Controls and experimental replicates within one series were fed from the

same culture bottle. As all replicates contained only one or few ciliates but millions

of bacteria from the same pool, differences in the performance of the ciliates between

replicates must be ascribed to the ciliates themselves and not to bacterial effects. The

number of Keronopsis present in each dish was recorded every 24 ± 1 hrs. K. rubra

glides slowly over the glass surfaces of the culture dish, and is bright red and clearly

visible in incident light against a dark background; small populations can be counted

with ease under a low-power stereoscopic microscope. Where cultures remained under

observation for longer periods, 1 or 10 individuals were transferred into new dishes
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after a certain number of days. The cells were kept in well-fed condition throughout

the observation period. As well as suffering from the statistical disadvantage of small

sample sizes, the procedure of daily transfers appeared to interfere with the vitality

of the organism and was therefore not adopted as a standard procedure. Keronopsis

seems to be a social animal which, during critical periods, "does better" if living in

groups than in isolation ; this aspect of the organism will be dealt with in another place

Ì

(Walker, in preparation). I have no indication that the maximal densities reached

in experimental cultures (20-50 cells/ml) have a depressive effect on reproduction,

whereas continuous isolation seems to have such an effect.

No special methods to synchronize the cultures were adopted ; however, the simul-

taneous and similar treatment of all cultures and experimental replicates led to a high

degree of synchronization of fission activity (Cameron and Jeter, 1970; James, 1966).

Experimental salines. The natural salinity of the Dar-es-Salaam coast is

33.87 ± 0.24%. Experimental saline concentrations are expressed in percentages of

this natural salinity. Higher concentrations (hyper-salines) were obtained by con-

trolled heat evaporation, and lower concentrations (hyposalines) by dilution with

distilled water.

Presentation of data. Details of method for individual experimental series

are given with their respective graphs and tables. The following symbols are used through-

out:

d1; d 2 ... d d = days of observation period.

n = number of replicates.

x = initial number of cells transferred into culture dish on day zero.

x d = number of cells on day d.

' x nd = mean number of cells of n replicates on day d.

/Xd+l\
F = fission rate; number of fissions per cell and per day; F = log 2

(
)

This value includes the death rate which cannot be assessed separately;

if F < 0, the death rate exceeds the fission rate. Note that in the earlier

communication (Walker 1968) the daily factor of increase was given

,
x d-fi

as f = .

Xd

Fd = mean daily fission rate over a period of d days.

Fn = mean daily fission rate of n replicates.

I

Fdn = mean daily fission rate of n replicates over a period of d days.

! %s = experimental saline concentration given as percentage of the salinity

of natural sea water.

100%s = control, natural sea water.

culture = one replicate in one culture dish during one observation period (d -d d).

+ = culture died out. Nevertheless, the cell lines may be continued from the

preceding surviving culture. The number of crosses indicates the number
of replicates which died.

Rev. Suisse de Zool., T. 82, 1975 23
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Results

1 . Dynamics of reproduction in normal sea water

a) Long-term cycles. Analysis of the data in Figure 2A confirms the visual

impression from the graph that reproduction is subject to long-term fluctuations, referred

to as cycles. There is an unstable period until November 1968 without a statistically

recognizable pattern, followed by a sustained period of high fission activity which

declines in the summer of 1969 into a prolonged depression. The longest runs for both

clones are highly significant (iteration test, cut through x dn = 28; P<0.01). x d5 = 28

corresponds closely to 1 fission per day; this figure approximates to the longterm aver-

age of fission activity and may therefore suggest a diurnal rhythm. This suggestion

is supported by the observation that, unless more than one fission occur per 24 hours,

Keronopsis usually divides during the night or in the early morning. Circadian rhyth-

micity of fission activity is reported for a number of Protozoa (Scherbaum and Loefer,

1964; Sweeney, 1971).

The question is wether reproduction is truly cyclic, or whether it may be a "statistical

breeding artefact". Deleterious mutations occur with a specific average frequency,

and this mutation rate, together with the number of recruits to maintain the cultures,

determines the probability of a genetic decline. The correlation of the cycles of both

clones {a, b) invalidates the "breeding artefact" theory, and so do the data of the controls

in Fig. 2B and C which are based on 20 recruits. As the phase of low fission activity

in all three series occurs between June and August (short-day period), the possibility

of seasonal cycles cannot be excluded.

Comparison between clones a and b (fig. 2A). The main reason for

observing these cell lines over a long period was that they appeared to differ consistently

in their fission activity, possibly indicating a genetic component of fitness. Between

August 1. 1968 and March 28. 1969 a nearly always has higher fission rates (sequential

analysis, P<0.01); however, from June 3. 1969 to Nov. 1969 b is almost consistently

higher than a (P<0.01). Clone a is more violent in its fluctuations and b is more attenu-

ated, they differ in the dynamic pattern of their fission rates but not in their overall

fitness.

b) Short-term fluctuations. Consideration of the daily data in fig. 3 A seems

to indicate that the 3-months period includes one cycle. During the ascending and

descending phases of this cycle the condition of the cells is highly unstable: fissions

occur in bursts over 2-3 days, followed by a short period of inactivity when cells even

may die. During the high phase of the cycle periods of inactivity are absent.

Fig. 2.

A : Long-term cycle of fission activity in 2 clones {a, solid, b, dotted column) from the Original

Stock. Mean number of reproduced cells (x nd ) ; within 5 days are shown on a log scale, x = 1 ;

d = 5. Uninterrupted base line: the 5-day samples follow in continuous sequence. Explanations

to symbols see p. 353. B, C: Effect of saline concentration (%s) on the mean fission rate (F dn )

during long-term cycles. n = 2;x = 10;d = 5. B: declining phase in Stock I. C: ascending

phase in the Original Stock (this graph is based on the same results as fig. 2 in the preceding

paper), a: final tests with replicate a were carried out in February 1968, see figure 3; b: final

tests with replicate b were carried out in March 1968, see figure 5A in this paper. Until the final

tests the cultures remained in 150%sand 50 %s respectively. Explanation to symbols see p. 353.
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There is some indication that during the period of decline the culture is physiologi-

cally different from its state during the ascending and peak period, and that some of

the deaths may have been caused by experimental interference. At the first 8 transfers

the cells went through one or more fissions on the first day, at the last 4 transfers the

cells did not divide and even died on two occasions (Haldane test for sequence depen-

dence, p < 0.005.

The differences in fission activity within short term fluctuations were subjected

to X2
tests. In periods 1, 2, 5, 8 and 10 differences between depressions and peaks were

significant (P<0.05). These differences indicate the high degree of coordinated activity

within small, clonal populations.

The possibility that some of the violent short-term fluctuations may be methodical

artefacts caused by transfer during physiologically vulnerable phases led to a re-exam-

ination of data of cultures left undisturbed for periods longer than 5 days (fig. 3B-D).

Obviously, drastic changes in fission activity occur spontaneously without interference

by transfer and feeding (sequence-dependence of values above and below zero in fig. 3B,

black circles is significant P<0.01).

Fig. 3. D
l5

D2 , show that reproduction may be repressed over longer periods with

only minor short-term fluctuations. Later these clones recover and again produce high-

peak short-term fluctuations. Alternation of peak activity between offspring of highest

and lowest reproducing replicates was observed on other occasions (see also fig. 4).

It is a fluctuation of 2nd. order, superimposed on the shorter fluctuations of 1st.

order. These fluctuations are irregular and probably due to many causes (for instance

nuclear reorganization; proter- and opisthoderived clones, Siegel, 1970).

The physiological range of fission capacity in K. rubra is 0-3 fissions per day. I

never, under any circumstances, observed 4 fissions in any one cell. Superimposed high

phases of the various fluctuations can thus never exceed 3 fissions per day. Therefore

short term fluctuations are particularly marked during the ascending and descending

phases of the long-term cycles, whereas they are less evident during the peak periods

(fig. 3A).

2. Effect of abnormal saline concentrations

a) Effect on short-term fluctuations (fig. 4).

Controls: Both observation periods comprise a peak phase of short term fluctu-

ations of the 1st. order. The overall-mean (Fdn) is smaller in period B than in period A
(Lord-test, P<0.01), this is due to the rather low and unstable phase which precedes

the peak in period B. The difference of fission intensity between the offspring of h-

and /-replicates (short-term fluctuations of 2nd. order) is insignificant.

Fig. 3.

A: Daily fission rates (F) of a single, continuous cell-line of clone a (fig. 2). x = 1. Period:

observation periods between transfers into new culture dishes. Explanation to symbols see p. 353.

B-D: Short term fluctuations of daily fission rates (F). B: Two non-clonal cell lines (black and
white circles) observed at different periods. x = 1; n = 1. C: highest (h) and lowest (1) repro-

ducing replicates of 5 clonal cell lines from Stock I, observed simultaneously. x = 1. Dj.:

highest (h) and lowest (1) reproducing replicates of 20 replicates from Stock II. x — 1. Arrow:

F remains below 1 until August 29th. D2 : Mean (F n ), highest (h) and lowest (1) reproducing
replicates of 10 clones derived from the former-1-replicate (D x ). Explanation to symbols see p. 353.
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Experimentais : The basic situation is the same in all series, namely both obser-

vation periods comprise a short-term peak. In period A all experimental salines have

a depressing effect on the mean fission rate, this effect, however, is significant only

for the hypersalines (Lord-test, P<0.01). A consideration of the means serves rather

to obscure the situation and more meaningful patterns emerge by detailed analysis.

Effect of hyposalines. The variance of fission rates between replicates in

period A is highly increased by both of the two hyposalines used (F-test, P<0.01).

In some cells fission activity is accelerated and in others it is severely repressed. This

repression is temporary, it is followed by an intensified outburst of fission activity.

During the second observation period suppressions are short-lived and fission enhance-

ment is prevalent and significant (P<0.01). The difference between h- and /-replicates

is extreme in period A, and it is also significant in period B (Lord-test, P<0.05); the

alternation of fission intensity between offspring of h- and /-replicates is fully expressed

(= fluctuation of 2nd order). All these characteristics are more extreme in 67% saline

than in 80%, but there is no significant difference between corresponding values in these

two salines. Reproduction in the B period is higher than in the A period in both hypo-

salines.

Effect of hypersalines, h- and /-replicates are affected similarly, they are all

repressed. The range of the number of reproduced cells in period A is reduced (the

variance of fission rates, though, is not significantly reduced), and the upper limits

of the range is more affected than the lower limit. This trait is specifically marked if

the effects of 120% saline and 133% saline are compared, the lower limit of the range

is practically unaffected (31 and 29 cells). Thus, weaker or more slowly reproducing

cells are less affected by the retarding effect of hypersalines. Indeed hypersalines may
have a positive effect on such cells because for short intervals /-replicates reach peaks

in hypersalines which are unattained by /-replicates in the controls. This effect weakens

or even obliterates the fluctuation of 2nd order. The overall inhibiting effect of hyper-

salines increases as the concentration of saline increases. Reproduction in the B period

is significantly smaller than in the A period in both hypersalines (Lord test, P<0.01).

A general pattern comprising two fundamental features emerges from this test.

Firstly, apart from minor phase shifts of 1-3 days which, however, do not carry over

from period A to B, reduction and enhancement of fission activity by abnormal salines

affect the amplitudes and shapes of the short-term fluctuations rather than their phase.

This feature is perhaps even more evident from the earlier communication (Walker,

1968, fig. 2).

Secondly, there is a striking symmetry between the phase-specific effects of hypo-

salines and hypersalines respectively. Hyposaline has a strong depressive effect on the

unstable or weak phases of cells and a strong accelerating effect on their ascending

phases; hypersaline is, apart from a brief inhibition during the unstable phase preceding

Fig. 4.

Effect of experimental salines (%s) on the daily fission rate (F). x = 1; n = 10. A: first

observation period, d = 5. Means (thin line), highest (solid, thick line) and lowest (stipled line)

reproducing replicates of 10 non-clonal cell lines from Stock I. The numbers on the 5th day give

the number of cells reproduced within the period (this graph is based on the same results as fig. 1

,

in a preceding paper). B: second observation period, d = 6. Mean fission rates of 5 clonal

cell lines from the former highest and lowest replicate respectively. Explanation to symbols
see p. 353.
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a peak, predominantly depressing during the high fission phases (in period A most

replicates are inhibited during the 3rd and 4th day, whereas some are actually enhanced

on the 2nd and 5th day).

The phase-specificity of reactions to salines makes it clear that short-term fluctuations

of fission rates reflect a true, physiological periodicity.

b) Saline effects on long-term cycles. According to fig. 4 one would expect

hyposalines to be stimulating when vulnerable short-term depressions are brief or

absent, whereas hypersalines would be repressing in this situation. During the decline

of a culture with increasingly pronounced depressions these effects would disappear,

there may even be a tendency towards the inverse pattern of effects. Figure 2B, C shows

that to some extent this is true. The two series were designed to select stocks with high

stress tolerance. Hence, saline stress was gradually increased and only occasional tests

o fission activity were carried out, the short-term fluctuations therefore are not displayed.

During the long drawn-out decline, even very high saline concentrations (135%-150%)
have little or no effect, yet 130% and 135%) salines severely repress fission rates during

the recovery of the Original Stock (P<0.05). Hyposaline, on the other hand, is accele-

rating the fission rates during this period of recovery (P<0.05), but it is slightly (not

significantly) depressive during the decline of Stock I (the depression on July 18 th is

significant, t-test, P<0.05, but at this stage saline concentration is reduced to almost

lethal levels). The erratic behaviour of the cultures during the turning point of the

depressions demonstrates their instability at this particular moment.
The sudden extinction of both of the hypersaline cultures in April 1967 is com-

pletely unexplained. It was definitively not caused by a technical accident or by bacterial

deterioration.

In both graphs, the experimental cultures follow essentially the same course as the

controls. Ascent, gradual decline and sudden collapse (which probably involves auto-

gamy) occur simultaneously in all cultures. Again, as in the short-term fluctuations,

salines affect the amplitude but not the phase of the cycle.

3. Effect of abnormal salines after return to normal sea water

Exposure to abnormal salines affects Keronopsis not only during the treatment,

but also after transfer back into normal sea water. Exposed cells reproduced faster

after long-term treatment, after a single, short shock and after a series of shocks (Walker,

1968). Improvement in reproduction after hypersaline treatment was especially marked.

Table 1 gives the fission rates in a final test after a series of severe shocks which were

carried out in order to select the stress-tolerant survivors (Walker, 1968, p. 45). The

control cultures are in a pronounced low fission phase and, because of their strong

stimulation by hyposaline (Lord-test, P<0.02) and the moderate stimulation by hyper-

saline (P<0.05), they might be assumed to be on the brink of a short-term fission burst

(see Fig. 4). Both shock-exposed sets do better in normal sea water than do the untretaed

controls (P<0.05), whilst they show no improvement on the controls when brought

into the respective salines. The paradoxical fact is that cells exposed to hypersaline

shocks reproduce better in 50%s than cells previously treated by hyposaline shocks

(P<0.05). Re-examination of earlier data (Walker, 1968, fig. 4) points to a similar

effect: a 5-hour shock reaching 220%s rendered the progeny specifically resistant to a

subsequent hyposaline shock, wheras a previous hyposaline shock rendered the progeny

more vulnerable to a subsequent hypersaline shock.

The series of hyposaline shocks (table I), however, improved the longevity under

the respective stress by factors ranging from 3.6-12 as compared with untreated controls
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Table 1.

Mean daily fission rates (F d ) in natural sea water and in experimental salines after a series of
shocks. Repl. a, b : replicates from 2 corresponding, separate mass cultures derived from Stock I.

x = 10; d = 5. Shock treatment : 1 shock per month ; 100 cells exposed for 24 hours. Hyposaline

J

treatment : 6 shocks in 28.5%s; hyper saline treatment : 2 shocks in 200 %s (the initial cultures

died after the first à 4 shocks) . These data were taken 2 months after the last shock. Explanations to

symbols see p. 353.

Saline concentration and fission in Kerotwpsis

Fd Fd Fd
Salines Replicates Controls Hyposaline

shocks
Hypersaline

shocks

a 0.29 0.54 0.55

100 %s
b 0.28 0.74 0.52

a 0.87 0.83 0.95

50 %s
b 0.74 0.73 0.95

a 0.39 0.25 0.45

150%s
b 0.36 0.45 0.59

(time until half and finally all cells die; 4 series of 10 cells each). The hypersaline shocks

did not improve stress tolerance. Post-treatment effects after prolonged exposure are

shown in fig. 5. In the hypersaline exposure line (fig. 5A), the short-term depression

shown by the controls is completely obliterated (P<0.01), whereas all 5 replicates of

the hyposaline exposure line die during this depression. The results are comparable

with those of the twin test with the ^-replicates (Walker, 1968, fig. 3C).

Some tests were carried out to substantiate a post-treatment effect under conditions

which excluded possible, genotypic selection as controls and experimental cultures

consisted of sister clones. In fig. 5B, all 10 experimental cultures show a positive post-

tretament effect before they collapse; the controls which remained in the abnormal
salines (Bj_) show the antagonistic phase-specific effects shown by figure 4. In 2 similar

tests post-treatment effects were slight and insignificant.

Lastly, (Fig. 6), the single shock treatment was repeated (Walker, 1968, fig. 4).

Selection was excluded, the exposed replicates were sister-clones of the controls and
death during the shock was minimized. After the hyposaline shock the cells looked

smaller and paler than the controls and their fission rate was clealry inferior during

the first 5 days. Later, both clones had higher fission rates than their controls. The
inversion of values below and above control values is significantly sequence-dependent

for both clones (Haldane test, P<0.01 and < 0.025 respectively). The hypersaline shock

obviously took place before a deadly crisis (autogamy ?) of the 2 clonal cultures which
was prevented by the shock treatment.

General characteristics of the post-treatment effects: Post-treatment

effects do not always occur, or at least they are not always detectable; their pattern

must depend on the physiological conditions of the cells during and after treatment.
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As far as these few experiments go, the general pattern of effects was largely the same
whether shocks of high stress or sustained exposure to moderate stress were applied.

Hyposaline treatment aggravates subsequent depressions, increases the death rate

(with the exception of collapse, fig. 5B
2 ) and may cause a moderate acceleration of fission

activity once depressions are overcome. This treatment results in steeper fluctuations;

the phases of the fluctuations are unaffected. Hypersaline treatment decreases the
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Fig. 5.

Post-treatment effects. A: 6-replicate from figure 2C returned into natural sea water (post-

treatment effects on a-replicate see preceding paper (p. 46 fig. 3). n = 5; x = 1. B^: Cultures

from the Original Stock exposed to experimental salines (33 %and 67% respectively) on July 29th

and their mean fission rates in these salines during the following observation period August 5-1

1

(the hypersaline cultures were severly repressed since July 29th). n = 2 (controls, n = 5); x = 10

(clonal cells). B2 : Sister clones returned into natural sea water, n = 5; x = 10. Explanation

to symbols see p. 353.
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death rate and prevents severe depressions of fission rates. This effect may be long-

lasting (table 3; Walker, 1968, fig. 4) and as such it would also affect long-term cycles;

it is reminiscent of the "rejuvenation" effect reported by earlier investigators (Calkins,

1910; Woodruff, 1905).

All these effects are evident under conditions which exclude selection of stress-

adapted genotypes.
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A: Hyper- and hyposaline shock treatment on August 21 and August 15 respectively; 10 cells

of 2 clones each were exposed. Figures accompanying the curves give survival during shock.

Asterisk: 2 cells died accidentally. B: Mean-fission rates (F n ) when returned to natural sea

water. Each circle represents the mean of 5 replicates for each clone. x = 1. The controls are

sister clones of the experimental cultures. Explanation to symbols see p. 353.
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IV. CONCLUSIONSAND DISCUSSION

1 . Phase and amplitude of fluctuations of the fission rate

In all cases, whether short-term fluctuations, long-term cycles or situations involv-

ing "collapse" with possible nuclear reorganization, experimental salines affected the

amplitudes of the fluctuations but not their phases (i.e. their frequency). This means that

the timing of a depression is independent of the actual number of fissions which occurred

since the previous depression. "Counting the number of mitoses" is not the timing

mechanisms which controls fission intensity. This argument also invalidates the hypoth-

esis that the long-term cycles are caused by the "exhaustion" of the cells as a function

of experienced fissions (Minchin, 1922).

2. Control of fission intensity

The phase-specific influence of saline on fission intensity and the retention of posi-

tive post-treatment effects indicate that experimental salines do not act at the level

of mitosis itself, but rather at the level of fission control. Moreover the symmetrical

pattern of antagonistic effects by hypo- and hyper-salines suggests that, apart from

other possible side effects, saline concentration affects a specific system of fission

control. Thereby two types of effects must be distinguished: a continuous influence

whilst the organism is in the experimental saline, and a threshold or switch effect which

manifests itself during the low fission phases, and which is retained in the post-treatment

effects.

The simplest hypothesis fitting the complex data is that hyposaline is a fission-

inducer, abbreviating inter-phases and so accelerating mitotic rates, whereas hyper-

saline extends inter-phases and induces or enhances differentiation and/or regeneration.

It is reasonable to assume that during naturally occurring fission depressions the cells

need time for differentiation and repair; this may or may not include nuclear reorgan-

ization. Extended inter-phases induced by hypersaline would allow slower and weaker

cells to achieve these processess successfully before the next volley of fissions is switched

on. As a result, the depression of fission rates is momentarily intensified, yet the death

rate is reduced. The fission rate immediately after the depression may be somewhat

higher than in the controls because otherwise lethal or repressed cells could also ascend

into the high-fission phase. During the high fission phase extension of interphases

would reduce the fission rate. The generally beneficial effect of hypersaline on slower

and weaker cells leads to a situation in which they are relatively less retarded than

faster dividing cells. This, in turn, would explain the attenuation of 2nd order fluctuations.

The strong and long-lasting positive post-treatment effects, which even extend the

tolerance of the cells for hyposaline stress, show that hypersaline must stimulate specific

"restoring mechanisms of remarkable efficiency and precision" as Kimball (1964)

described them. Hyposaline, on the other hand, would abbreviate the period of differ-

entiation and repair and induce premature fissions. Cells which have reached the in-

ducible stage are pushed into an accelerated fission peak, whereas slower and weaker

cells are arrested or even killed, if mitosis sets in before the internal reorganization is

completed. The results of such a mode of operation would be consistent with all the

observations: steeper and higher amplitudes, extended ranges, increased death rates

and accentuated differences between the peak activities within 2nd order fluctuations

under the influence of hyposaline. The post-treatment effect would retain the cell damage
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that occurred during treatment, until these cells have either died or are repaired during

a following "resting-period". Due to the elimination of the weaker individuals subsequent

fission rates may be somewhat improved as compared with controls.

Regulation of the mitotic rate in relation to the rate of growth and differentiation

is, of course, a basic key factor for any normal ontogenesis. Kimball (1964) has shown

that in Spathidium spathula the posterior fission products have lower fission rates than

: the anterior ones, presumably because "opishthe" is smaller than "proter" and has to

reacquire normal size (p. 356). Hilden and Giese (1969) found that in ablated cells of

Blepharisma, which were acclimated to high saline concentrations, the fission rate

was reduced, but not the rate of regeneration. Few data seem to be available on the

responses of mitotic rates to saline concentration in other organisms (Kinne, 1971),

however, the few there are suggest that the described pattern might not be confined

to the Protozoa. Hypersaline slows down segmentation in fish eggs and retards growth

in Tubularia (Coelenterata), whereas hyposaline has the opposite effect (Thompson,

1942). Abonyi (1915) showed that in Artemia the abdominal fulcra diminishes with

increasing saline concentration. In the alga Gonium pectorale the cell number per colony

decreases with increasing concentration of the nutrient saline while cell size increases

(Hartmann, 1924).

The most convincing example is Kinne's (1971) remarkable work on the brackish

water coelenterate Cordylophora caspia. The normal habitus is a colony with a hori-

zontal stolon with branches of 1st and 2nd order which carry the hydranths. When
grown in higher salinities the colonies retain their habitus but they are smaller and they

consist of fewer cells. In reduced salinities, the hydranths are also smaller but they

consist of more and smaller cells, and the branches of 2nd order disappear. The general

relation is this: as salinity increases, the cell number decreases, but the differentiation

achievement per number of cells increases. Hilden and Giese's (1969) and Kinne's

(1971) woik leads to the conclusion that in these cases the rate of differentiation and

i the rate of mitosis can vary independently and that a control of the two processes

in relation to each other must take place at a higher level. Zeuthen (1963) came to

similar conclusions with regard to independent cycles of fission and of DNA-synthesis

in artificially synchronized Tetrahymena. Similarly, in Keronopsis the physiological

conditions determining the various periodicities of fission activity are independent

of the actual number of fissions.

3. Fitness and selection

This project was undertaken with the aim to study the role of individual, somatic

plasticity under saline stress in the process of genetic adaptation by selection; and it

led to the conclusion that the influence of salines interfered with the regulation of the

mitotic rate. In view of these results, the initial question can now be formulated more
lealistically, namely in what way do specific effects of salines on fission rates interfere

with possible genetic adaptation to saline stress ?

Hyposaline retards or kills weaker cells during low fission phases. Inasmuch as

these deleterious qualities are genetically determined, elimination leads to genetic

adaptation. During the ascending phase of fission activity, hyposaline accelerates

reproduction. This is a somatic component of saline-dependent fitness, which may
accelerate selection of those cells which were not, or less, retarded during the previous

depression. There are basically two types of selection for higher stress tolerance. Firstly

selection of cells with a physiology which is specifically favoured by lower saline con-

centration; upon return to the normal environment, the population would lose some
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of its fitness. This is selection for specificity with an accompanying loss of somatic

plasticity or adaptability. Secondly, the selected cells may be generally more vigorous

and more tolerant to any stress. This is selection for increased, somatic plasticity. After

return into normal sea water, fitness would rather be improved. A positive post-treat-

ment effect after hyposaline stress may represent a selection success of this second type.

Hypersaline favours the weaker cells during depressions and represses the faster

reproducing cells during the higher phases of the fluctuations relatively more than

the slower reproducing cells. These are anti-selective, somatic components of fitness.

Enhancement of special repair functions by hypersaline accentuates these anti-selective

components, and results in higher viability under any saline stress. It is more than prob-

able that abnormal saline conditions affect a wide spectrum of metabolic processes,

resulting in increasing somatic stress as the treatment continues. Cultures exposed

over long periods to abnormal salines may, therefore, be visibly loosing viability (Walker,

1968, fig. 3B) in spite of simultaneous selection for unspecific fitness.

On the whole, the evidence presented is largely in favour of somatic plasticity

which prevents genetic adaptation to specific saline concentrations. This interaction

between somatic effects and selection success seems particularly relevant to Bateson's

(1963) discussion on the tension between genetic specialisation and loss of somatic

adaptability. The important point to make here is that, in this system, it is essentially

the time pattern of the somatic effects which determines the chance for genetic

adaptation to the very stress which causes these somatic effects.
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Zusammenfassung

Die Teilungsraten (Anzahl Zellteilungen pro Tag) einzelner Zellen wurden bestimmt

in einem anscheinend alternden Keronopsis stamm. In normalem Meerwasser zeigen

sich periodische, kurzfristige und langfristige Schwankungen der Teilungsraten, die

sich zu einem komplizierten Phasenmuster überlagern; dieses Muster zeigt charakter-

istische Veränderungen wenn Zellen in veränderter Salinität gehalten werden. Reduzier-

ter Salzgehalt verlangsamt Zellteilungen und wirkt z.T. letal während normaler Depres-

sionsphasen, beschleunigt jedoch die Teilungsrate erheblich wenn sich die Zellen in der

Erholungsphase befinden. Höhere Salzkonzentrationen zeigen das inverse Wirkungs-

muster : die Sterberate während der Depressionen ist reduziert und die Depressionsphase

ist verkürzt, dagegen ist die Teilungsrate verlangsamt während intensiver Teilungs-

phasen. Erhöhte Salzkonzentration hat einen positiven Effekt auf den Lebenserfolg

und auf die Teilungsrate, der sich nachhaltig ausdrückt, nachdem die Ciliaten wieder

in normales Meerwasser gebracht sind. Alle oeobachteten Auswirkungen betreffen

die Amplituden der Schwankungen, nicht deren Phasenlänge. Die Resultate führen

zum Schluss, dass die Salzkonzentration nicht auf die Mitose direkt einwirkt, sondern

auf die Regulation der Teilungsfrequenz. Diese Reaktionen auf Umweltänderungen

führen zu somatischen Veränderungen der Fitness, die mit einer möglichen Anpassung

via Selektion interferieren.
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